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CROSS-REFERENCE TO RELATED APPLICATION 

[0001] This application is a National Phase of International Application Serial No. 
PCT/EP03/10237, filed September 15, 2003. 

Field of the Invention 

[0002] The invention relates to a method for checking documents of value, in 
particular bank notes, as well as a respective checking device. 

Description of the Background Art 

[0003] Generic methods and checking devices are used, inter alia, for checking 
bank notes as to their state in view of fitness for use, in particular with regard to 
soiling and spots. In this connection from the quantity of light transmitted through 
a bank note to be checked and/or the light reflected by the bank note the degree of 
soiling of the bank note to be checked is concluded. Since the reflection and 
transmission behavior strongly varies with the thickness of the bank note paper, 
due to variations in the thickness of the bank note, for example, due to batch-related 
thickness fluctuations and/or in the area of watermarks, spots or other soilings can 
no longer be sufficiently reliably recognized. 

[0004] In DE 100 05 514 Al it is proposed to provide a compensation illumination 
for compensating thickness fluctuations, with which the document of value to be 
checked is illuminated in a measuring area from both sides with a constant 
intensity all over the entire measuring area. Here a detector captures the intensity of 
the light irradiated from the one side onto the document of value and reflected by 
the document of value and at the same time the intensity of the light irradiated from 
the other side onto the document of value and transmitted through the document of 
value. In a clean document of value the intensity captured by the detector remains 
constant even if the thickness of the document of value changes in the course of the 
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measuring area. Deviations in the captured intensity from a predetermined standard 
value, however, indicate changes, in particular spots and soilings, in the bank note. 

[0005] One problem with this method, however, is that a uniform illumination all 
over the entire measuring area from both sides of the document of value is required, 
i.e. the illumination profile of the two light sources has to be identical on both 
sides, so as to achieve an ideal compensation. Otherwise, an overcompensation or 
undercompensation leads to the fact that thickness fluctuations are not completely 
compensated and can affect the measuring result. As experience has shown, process 
tolerances in the illumination principles usual up until now lead to deviations of 
approximately +/- 15 % in the intensity of the illumination profile. A wrong 
compensation of the illumination by 15 % with a typical nominal thickness of the 
document of value of 80 /xm can lead to deviations of 3 % from the standard value 
with regard to the captured intensity. Deviations of such a dimension, however, are 
too high for a reliable recognition of soilings and spots. 

SUMMARY OF THE INVENTION 

[0006] It is therefore the problem of the present invention to create an alternative 
to the prior art, which enables a reliable checking of documents of value without 
great technical effort and in a cost-effective fashion independently of thickness 
fluctuations within the document of value. 

[0007] This problem is solved by the method and the checking device disclosed 
herein. Also disclosed are specified advantageous embodiments and developments 
of the invention. 

[0008] The inventive method is characterized by the fact that the intensities of the 
transmitted and reflected light are captured separately, that for the different 
measuring places the respective sum of the intensities of the transmitted and 
reflected light is calculated, and that this sum is compared to a predetermined 
standard value. 

[0009] The inventive checking device further develops the prior art apparatuses in 
such a way that the illumination system and the detector system are designed to 
separately capture the intensity of the transmitted light and the reflected light, and 
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that an evaluation unit for the summation of the intensities of the transmitted light 
and the reflected light for the different measuring places and for comparing the sum 
to a predetermined standard value is provided. 

[0010] The captured reflected light in particular is diffusely reflected, i. e. 
remitted, light. 

[0011] The invention is based on the idea to form the illumination system and the 
detector system in such a way that on the one hand the intensity of the transmitted 
light and on the other hand the intensity of the reflected light can be captured 
separately. The intensities of the transmitted light and the reflected light for each 
individual measuring place are summed up in an evaluation unit, so that for each 
measuring place precisely one sum intensity value is obtained. The individual sum 
intensity values then each are compared to a predetermined standard value, so as to 
conclude the presence of soilings from any deviations. 

[0012] In a preferred development of the invention it is provided that the intensity 
values captured from the different measuring places are corrected before the 
summation for compensating locally differing measuring conditions. A respective 
correction unit as well as an addition unit designed for the addition of the corrected 
intensity values can be realized in the form of hardware. But there also is the 
possibility to realize these units in the form of software on a microprocessor or the 
like, which for example serves for controlling the checking device. Likewise 
realizations in the form of software on a conventional computer are also possible, to 
which raw data of the detector system are transmitted for correction. 

[0013] When correcting in particular the local intensity fluctuations in 
illumination given when measuring are taken into consideration. The fluctuations 
in measuring values caused by fluctuations in the illumination profile can be 
strongly reduced, which further increases the reliability of the method. A particular 
effort when constructing the illumination system is not required. 

[0014] With this method at the same time a correction for the purpose of 
compensating locally differing detector specifications can be effected, such as for 
example different sensitivities of the individual detector elements and different dark 
currents. 
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[0015] As to carry out these corrections, preferably, from each measured intensity 
value before the summation a dark current measuring value determined for the 
respective measuring place is deducted. In addition, each intensity value 
additionally is multiplied with a correction factor determined for the respective 
measuring place. The checking device for this purpose preferably has a storage 
device, in which are deposited dark current measuring values and correction factors 
specific for the different measuring places. Such data are determined e.g. when 
assembling or putting into operation the checking device or, optionally, later in 
specific calibration measurings and then are deposited in a non- volatile storage. 

[0016] The dark current measuring values here are determined by intensity 
measurings carried out with switched-off illumination. These dark currents are 
deviations from zero in the individual detector elements of the detector system. 
Therefore it is sufficient, when for each individual detector element one such dark 
current value is measured, which then is valid for all measuring places, which were 
measured with this detector element. 

[0017] The correction factors on the one hand serve for compensating the different 
illumination intensities and on the other hand for compensating the sensitivities of 
the individual detector elements, with which the measurings are carried out at the 
individual measuring places. For this purpose different place-dependent correction 
factors are needed for the measuring of the transmission and the measuring of the 
reflection. Since each detector element monitors precisely one point within the 
illumination profile, here it is also sufficient, when for each detector element one 
correction factor for the transmission and one for the reflection is determined and 
these correction factors then are used for all measuring places measured with this 
detector element. The correction factors are obtained on the basis of the intensity 
values, which are measured under ideal conditions by means of calibration 
measurings in standard trial documents, for example homogenous white foils. 

[0018] If the documents of value to be checked beside the light scatter also show a 
light absorption, before an addition the already corrected transmission intensities 
can be weighted with a weighting factor, which takes into consideration the 
absorption. 
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[0019] A checking device working particularly effective, which is able to check 
documents of value all over and with a high throughput, has a transportation 
device, in which the documents of value for the purpose of measuring are guided in 
a transportation direction past the illumination system and a detector system 
adequately positioned to this. 

[0020] The illumination system here produces an illumination profile which 
extends transverse to the transportation direction. This can be achieved with an 
illumination device consisting of one light emitting diode line or by means of a field 
with several light emitting diode lines extending at right angles to the transportation 
direction. 

[0021] The detector system accordingly preferably has one or more detector 
devices, which comprise a plurality of detector elements, which are positioned in a 
row and appropriate to the illumination profile at right angles to the transportation 
direction. This can be e.g. a photodiode line or a plurality of photodiode lines 
disposed one behind the other. 

[0022] The invention in a simple and cost-effective fashion permits a reliable 
check of bank notes and other documents of value as to signs of use. A further 
advantage of this method is the fact that the separately measured reflection and 
transmission intensities can be evaluated so as to derive statements concerning 
further properties of the documents of value. For example, the measured reflection 
intensities can be used for authenticity tests. The transmission intensity values can 
be used for recognizing holes and tears. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] In the following the invention is explained with reference to the figures 
with the help of embodiments. 

[0024] Figure 1 shows a schematic representation of the arrangement of an 

illumination system and a detector system for a checking device 
according to a first embodiment; 

[0025] Figure 2 shows a schematic representation of the arrangement of an 

illumination system and a detector system for a checking device 
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according to a second embodiment; 

[0026] Figure 3 shows an example for the thickness pattern in the area of a 
watermark of a bank note; and 

[0027] Figure 4 shows a typical reflection and transmission intensities pattern 
along a measuring track with a not soiled bank note without 
absorption. 

DETAILED DESCRIPTION OF THE INVENTION 

[0028] With the first embodiment of an inventive checking device as shown in 
Figure 1 the illumination system consists of only one illumination device, which 
illuminates the document of value, here a bank note 1, from a side 13 in an area 
around a certain measuring place 2. Here the bank notes 1 for the purpose of 
measuring are drawn past the illumination device 7 in a transportation direction R. 

[0029] The illumination device 7 is a light emitting diode line, which extends at 
right angles to the transportation direction R across the entire width of the bank 
note 1 and which thus produces a broad illumination profile extending at right 
angles to the transportation direction R. The light here is radiated obliquely in 
transportation direction R onto the bank note 1 and focused as homogeneously as 
possible all over the entire illumination profile to a narrow area around the 
measuring point 2. This can be achieved, for example, with the aid of suitable in 
particular cylindrical lenses. Instead of one single light emitting diode line the 
illumination device 7 can also have a plurality of light emitting diode lines disposed 
in parallel side-by-side, i.e. a whole field of light emitting diodes. 

[0030] In a short distance behind the illumination system 3 in transportation 
direction R is located a detector system 4. This detector system 4 here consists of 
two detector devices 8 and 9. The first detector device 8 is disposed on the same 
side of the bank note 1 as the illumination device 7 and captures the intensity I R of 
the reflected, in particular diffusely reflected, light portion. The second detector 
device 9 is located directly in the radiation direction of the light radiated by the 
illumination device 7 on the opposite side 14 of the bank note 1. This detector 
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device 9 captures the intensity I T of the light portion transmitted through the bank 
note 1. 

[0031] The two detector devices 8 and 9 each have a plurality of detector 
elements, which are disposed side-by-side in a row at right angles to the 
transportation direction. For example, it can be a photodiode line. Alternatively, a 
plurality of such rows of detector elements can be disposed side-by-side in parallel, 
i.e. it can be a whole field of detector elements. 

[0032] By using a detector element line disposed at right angles to the 
transportation direction R, the measuring is effected along a plurality of measuring 
tracks which extend in parallel side-by-side in transportation direction R. 

[0033] During the transportation of the bank note 1 in transportation direction R in 
regular cycles the detector device 8 measures the intensity, so that ultimately, after 
the bank note being transported through the checking device, an all-over 
"transmission image" and an all-over "reflection image" of the bank note 1 are 
obtained. 

[0034] The distance of the individual detector elements determines the local 
resolution in the direction of the bank note width extending at right angles to the 
transportation direction R. Usually, such a detector device can have between 200 
and 600 sensor elements in one line, so that accordingly between 200 and 600 
measuring tracks side-by-side are measured on a bank note 1. The resolution in 
transportation direction R, however, is given by means of the transportation speed 
and the measuring rate. Typically, the spatial resolution in transportation direction 
R lies between 0.1 and 1 millimeter, whereas, as experience has shown, with a 
spatial resolution of 7/16 millimeter = 0.4375 millimeter a good recognition of small 
spots with an at the same time sufficient elimination of the affect the bank note 
cloudiness has is achieved. 

[0035] The intensities I R (x) and I T (x) captured by the two detector devices 8 and 9 
along the measuring tracks, i.e. for each individual measuring place along a 
measuring track, are processed as follows; here x is the position of a pixel, i.e. the 
coordinate in transportation direction R: 
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[0036] At first a correction ("Flat Field Correction") of the measured intensities I R 
(x) and I T (x) is effected according to the formula 



W M = a(x) • (I R (x) - 1^ (x)) 



(1) 



and 



I- 



[tk (x) = b(x) • (I T (x) - I TO (x)) 



(2) 



[0037] Here Irk (x) and Ijk (x) are the corrected intensity values. The values a(x) 
and b(x) are place-dependent correction factors for the reflection or the 
transmission as to compensating fluctuations in the illumination profile produced 
by the illumination device 7 as well as for compensating the sensitivities of the 
individual detector elements at the different places x. The values Ird (x) and I TO (x) 
are dark current intensities. They are measured intensity portions, which are caused 
by dark currents of the respective detector elements at the individual places x. The 
dark current intensities at first are deducted from the measured intensities I R (x) and 
I x (x) according to the formulas (1) and (2), then a correction with the help of the 
correction factors is effected. 

[0038] The determination of the dark current intensities and correction factors is 
effected in separate calibration measurings when manufacturing the checking 
device and/or at later points of time. Here at first the intensities 1^ (x) and I TO (x) 
caused by the dark currents are determined by a measuring with switched-off light 
source at the individual places x. Then measurings with a standard sample, for 
example a homogeneous white foil, are carried out for determining the correction 
factors. For this purpose the intensity I RS (x) of the reflected portion of light and the 
intensity I TS (x) of the transmitted portion of light are measured with switched-on 
light source, i.e. precisely as in the measuring operation. Then the correction factors 
a(x) and b(x) are calculated according to the formulas 



1 



a(x) = 



(3) 



(Irs M - Ird M) 



and 
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1 



b(x) = 



(4) 



(Its (x) - Itd M). 



[0039] After the correction to each position x the corrected intensity values are 
added 



I s (x) being the sum intensity value. The sum intensity value I s (x) of a clean bank 
note at all positions x is equal to 1 (when standardized respectively) or is equal to a 
different constant standard value. With soiled bank notes this value in the areas of 
the soiling deviates from the standard value. 

[0040] If the bank note to be checked beside the light scatter also shows light 
absorption, as, for example, this can be the case with different production batches 
of bank notes, an addition weighted with a weighting factor c(x) according to the 
formula 



is effected. 

[0041] Figure 2 shows a second embodiment of an inventive checking device. Here 
the illumination system 5 has two illumination devices 10 and 11. The illumination 
device 10 here has the same structure as the illumination device 7 in the first 
embodiment and is aligned accordingly. The illumination device 11 disposed on the 
other side 14 of the bank note 1 has the same structure as the first illumination 
device 10. In contrast to the embodiment according to Figure 1, here, however, the 
same area of the bank note 1 is alternately illuminated around the measuring place 
2 by the first illumination device 10 and by the second illumination device 11, 
which is realized via a respective activation of the two illumination devices 10 and 
11. 

[0042] The detector system 6 has only one detector device 12, which is identically 
structured and positioned as the first detector device 8 in the embodiment 



Irk (x) + Itk (x) = I s (x), 



(5) 



Irk (x) + c(x) • Itk(x) = I s (x) 



(6) 
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according to Figure 1. This detector device 12 now accordingly alternately measures 
the light radiated by the first illumination device 10 onto the bank note 1 and 
reflected by the bank note 1, and the light radiated by the second illumination 
device 11 on the opposite side 14 onto the bank note 1 and transmitted by the bank 
note 1. The illumination cycle here relative to the measuring cycle is preferably 
selected such rapid that at each measuring place along a measuring track both an 
intensity signal I R for the reflection and an intensity signal I x for the transmission is 
measured. I.e. again for each individual bank note 1 all-over images of the intensity 
values I R and I T with respect to reflection and transmission are available. The 
processing of these data is effected precisely in the same way as with the first 
mentioned embodiment. 

[0043] Preferably, for the recognition of soil mainly certain areas in the white field, 
i.e. in the unprinted areas, of the bank note 1 are selected, so as to determine the 
degree of soiling with the help of the intensity values measured there. Typical 
extents of such areas lie between 10 and 40 millimeter. But frequently just in these 
areas of the bank notes are located watermarks and therefore high thickness 
fluctuations occur. 

[0044] This is illustrated with the help of Figure 3, which shows the thickness 
pattern on a bank note. Here the thickness d above the place x on the bank note 1 
along the transportation direction R is plotted. The paper of the bank note has a 
nominal thickness d s of 80 fim, which is shown by the dashed line. In fact the 
average thickness d M of the bank note amounts to approximately 50 /xm. Merely in 
the area w of a bar watermark there exist extremely high thickness fluctuations, 
wherein in some areas the thickness d nearly reaches the nominal thickness d s of 80 
jiim. 

[0045] With the inventive measuring method the impacts of such thickness 
fluctuations on the measuring results are nearly completely eliminated, so that it 
readily permits to measure the degree of soiling of bank notes even in these white 
fields having these watermarks. 

[0046] Figure 4 shows the captured intensities I x and I R for the transmitted or 
reflected portion of light above the place x on the bank note 1 with bar watermark 
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as described in connection with Figure 3. The intensities I R and I T are plotted in the 
form of portions in the total radiation standardized to the value 1. Accordingly, the 
total intensity value I s , consisting of the sum of transmitted and reflected intensity, 
precisely amounts to 1. This is shown in Figure 4 by the dashed straight line. As it 
can be clearly recognized, the sum I s in particular in the area w of the bar 
watermark equals to 1, which can be put down to a very good compensation of the 
impact the thickness variations cause. As already explained in more detail above, a 
particularly good compensation can be achieved by respective corrections of the 
captured intensity values I R or I T , in particular with the help of dark current 
measuring values and/or correction factors. 

[0047] In the case of a soiling by spots etc. the sum signal in the area of the soiling 
is a value deviating from 1, mostly a lower value, so that such soiling can be 
recognized by simply comparing the sum signal to the standard value to be 
expected. 
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